Combined studies of micturating cystourethrography (MCV), bladder pressure and urinary flow rate measurements (urodynamic studies) have been analysed in 1584 adult patients of both sexes. The combined study is called a videocystometrogram (VCM). The simple MCV is satisfactory for demonstrating vesicoureteric reflux, but in the investigation of other problems of the lower urinary tract in adults, conclusions based on the MCV alone can be misleading. It is recommended that if the MCV is performed at all in the investigation of adult incontinence and suspected urinary outflow obstruction, it should be combined with a urodynamic study. This increases the examination time by about 50% but greatly improves the diagnostic accuracy, especially in establishing whether surgery is indicated or inappropriate.
Introduction
The MCV has been used for many years in the investigation of a variety of urinary symptoms, but in the past decade there has been increasing use of urodynamic studies to assess bladder function by measuring the pressure within the bladder and the urinary flow rate. Radiologists still tend to rely on the MCV alone, and consequently urodynamic studies are frequently undertaken by urologists, gynaecologists or medical physicists without any associated anatomical demonstration of the lower urinary tract by radiology.
In this paper the validity of observations made during MCV are assessed by drawing on our experience of combined MCV with urodynamic studies in adults.
Patients and methods About 4000 videocystometrograms (VCMs) have been performed at the City Hospital, Nottingham in the past 5! years. In this paper various observations are made from the results of 487 adult male and 1097 adult female patients examined between 1978 and 1980. The age range was from 16 to 87 years. The majority of female patients had problems of incontinence and urgency, while most males had symptoms suggestive of obstruction: Very few patients with recurrent urinary tract infections were referred for the combined study.
The VCMs were performed by the technique described by Bates & Corney (1971) , except that the recordings were made on videotape. A normal MCV is performed but at the same time the pressures within the bladder and rectum are recorded via fine catheters which lead to transducers, then on to a multichannel recorder. This recorder traces out the urinary flow rate, rectal pressure, total bladder pressure, and, by electronically subtracting the rectal pressure from the total bladder pressure, it also records the intrinsic bladder (or detrusor) pressure. The fluoroscopic image of the MCV is displayed on the television monitor together with the simultaneous bladder pressures and urinary flow rate. This combined image is stored on videotape so that the MCV and urodynamic study can be correlated ( Figure 1 ).
The apparatus for bladder pressure studies (a 6-channel recorder, flow rate recording strip, videocamera and videotape recorder, transducers and mixer unit) cost £6000 in total, and are used in conjunction with conventional X-ray screening apparatus. Maintenance costs are . . minimal and involve occasional replacement of the recording paper, the recording pens and calibration of the system. A full VCM takes about 25 minutes. It is performed by one radiologist, usually with the assistance of a nurse, and one radiographer. At a joint meeting with the urologists, about 14 VCMs can be reported in one hour.
As a result of the urodynamic studies the bladder was classified as stable or unstable (primary or secondary)(see Discussion). The decision on whether the instability was primary or secondary depended on simultaneousobservations of bladder pressures, flow rate and the vesicourethral anatomy on bladder filling and during micturition.
During the MCV, observations and measurements were made of the bladder capacity and outline, any residue, trabeculation and diverticulum formation, and any prolapse of the bladder base. The bladder neck and urethra were observed for evidence of narrowing, stretching or stricture. Any incontinence or vesicoureteric retlux was recorded, and females were tested for incontinence on coughing.
In attempting to assess whether or not it was possible to predict obstruction in the male by simply relying on the anatomical findings of the MCV combined with the urinary tlow rate, the VCMs of 100consecutive male patients were reviewed, masking out the recording of the rectal and bladder pressures. The patients were classified as obstructed, equivocal for obstruction, or not obstructed on the MCV/flow rate study, and this opinion was compared with the original full VCM report.
Results
Of the 487 males, 61% had detrusor instability which was primary in 29% and secondary to obstruction at various levels in 32%. A further 20% had obstruction but were stable on pressuremeasurement. Correlating the full VCM with the MCV/tlow rate study in 100 males, 49 of the 54 obstructed patients and 31 of the 38 unobstructed patients were correctly identified by the MCU/flowstudy. More examinationswereconsidered equivocal without the additional information of the urodynamic study (13 cf. 8). Correlation of the full VCM and the MCU/flow rate study interpretation is shown in Table I .
The bladder was reported as being trabeculated in 122 male and 49 female patients, i.e. 25% of the males and 4.5% of the females. Amongst the unobstructed unstable males (i.e. those with primary detrusor instability) 45% had trabeculation, which was reported in only 28% of those males with instability secondary to obstruction. Of 86 stable obstructed males, 17% showed trabeculation. All 49 female patients with a trabeculated bladder had detrusor instability, which was primary in 47 and secondary to obstruction in 2.
Of the 1097 female bladders examined, 55% were stable and 45% unstable. Thirty-six percent of female patients had simple stress incontinence, 35% primary detrusor instability, 8% had combined stress incontinence and detrusor instability, and 4% had a neuropathic bladder. Eighteen percent of the studies were normal.
Prolapse of the bladder base, with or without demonstrable incontinence, was seen on coughing and straining in approximately 9% of the females with an unstable bladder and 14% of those with a stable bladder.
A VCM was carried out in 324 female patients following failure of surgery to relieve incontinence. These patients had not had a preoperative study. There was primary detrusor instability in 73% of this group and only 3.7% of the examinations were normal. Stress incontinence without instability was shown in 22% and combined stress incontinence and detrusor instability in 1.3%.
Bladder outflow obstruction was seen in 19 ( -: 2%) of the 1097 females, and vesicoureteric reflux in 36 (3.3%), 21 of which were unstable and 15 stable.
Bladder capacities in patients of both sexes who were not obstructed are recorded in Table 2 .
Neuropathic bladders, subdivided into upper and lower motor neurone types, were demonstrated in 12.5% of all male and 4% of all female patients.
Discussion
The MCU is most frequently performed to demonstrate vesicoureteric reflux, particularly in children, Urodynamic studies are unnecessary in these circumstances and have been found very difficult to evaluate in children, who can normally generate very high detrusor pressures (Taylor et al. 1979) .
The MCU provides a purely anatomical demonstration of the bladder as it is being filled and emptied, but it is doubtful to what extent any observations made can be related to the patient's symptoms or to bladder function. Contractions of the detrusor muscle or its failure to relax, causing a rise in intravesical pressure, cannot be seen on fluoroscopy unless so gross as to cause incontinence, and can only be appreciated by measuring the intravesical pressure (as described under Methods).
The normal bladder does not contract involuntarily and is said to be 'stable'. Bates introduced the concept of detrusor stability and instability in 1971, and this is currently defined by the International Continence Society (1976) as a rise of greater than 15cm of water in detrusor pressure provoked by filling, coughing or changing position. Detrusor instability is an abnormal state which may be primary, i.e. of unknown cause, or secondary. When secondary, the instability is usually due to obstruction, occasionally to a neuropathy. Instability can only be diagnosed by measuring the rise in detrusor pressure caused by abnormal detrusor activity.
Urinary symptoms caused by primary detrusor instability may closely simulate those of bladder outflow obstruction in the male, and those of true stress incontinence in the female. The urodynamic study is useful in distinguishing whether such symptoms are caused by abnormal detrusor activity (i.e. instability), an" anatomical abnormality, or a combination of both. The MCU part of the combined study is necessary to exclude an anatomical abnormality in primary instability, and to demonstrate the site of anatomical abnormality when instability is secondary (e.g. to obstruction) or coincidentally associated with primary instability, as may occur with prolapse of the bladder base in the female.
Bladder capacity: The mean bladder capacity was smaller in the unstable group of patients of both sexes than in the stable, as shown in Table 2 , but there was such a range in both groups that capacity was not predictive of stability or instability in the individual, except to say that rapid uncontrolled voiding after the instillation of a small volume of fluid excluded stability.
Trabeculation: This has traditionally been considered as an indicator of obstruction, but in this series trabeculation was seen in 45% of all males with primary detrusor instability, 28% of those with instability secondary to obstruction and only 17% of those with obstruction and a stable bladder. All 49 females with trabeculation of the bladder had detrusor instability, which was primary in 47. Trabeculation therefore seems more related to overall detrusor activity than to obstruction.
Bladder outflow obstruction in the male: Observing the bladder neck and contour of the posterior urethra, helped to a lesser extent by the urinary flow rate, enabled 49 of 54 males (> 90%) with obstruction to be identified. This would suggest that the MCV alone is a fairly accurate method of confirming the level of suspected bladder outflow obstruction in the male. However, cases of obstruction with high detrusor pressure and a normal urinary flow rate, and of normal detrusor pressure with a low flow rate, were misdiagnosed or equivocal without the bladder pressure study. Furthermore, it is only possible to distinguish a normal study from primary detrusor instability by measuring the detrusor pressure. Bladder capacity and the presence or absence of trabeculation are of no help in the differentiation.
In this series the volume of patients' residual urine was not measured. but judged to be large, moderate. small or absent. Arnold (1973) has shown that some males with severe obstruction may empty their bladder completely. and that the absence of residual urine is never an indicator that bladder outflow obstruction does not exist. Observation of male patients in this series confirmed this view.
Female urinary incontinence: Incontinence in females on coughing and straining may be caused by incompetence of the vesicourethral sphincter (simple stress incontinence) or by a detrusor contraction induced by coughing (detrusor instability). Both may occur together and mayor may not be associated with prolapse of the bladder base. The combined MCV and bladder pressure study usually allows these various facets in female incontinence to be analysed.
Observations of descent of the bladder base and incontinence on coughing or standing are not criteria alone for diagnosis of simple stress incontinence. The standard MCV serves no purpose in these circumstances. and can be misleading (Sherwood 1979) .
The difficulty in selecting women suitable for surgery based on symptoms and physical examination was shown in 324 of our female patients who had a VCM following failure of surgery to relieve urinary incontinence. These patients had not had a VCM before surgery. Detrusor instability was demonstrated in 74%.
There is a higher rate of failure of operative procedures to relieve incontinence in female patients with detrusor instability than in those with simple sphincter incompetence (Bates et al. 1973 , McGuire 1980 ).Turner-Warwick & Whiteside (1976 have reported that the incidence ofstable to unstable interconversionas a result ofoperation to relieve incontinence in the female is negligible. The urodynamic study would seem particularly useful in these postoperative problems.
In practice it would not be possible or desirable to perform a VCM on all women who complain of incontinence on coughing, but those with nocturia, nocturnal enuresis, urge incontinence or atypical incontinence should be offered urodynamic assessment whenever possible before surgery, as recommended by Cantor & Bates (1980) . Neuropathic bladder: Neuropathic bladders may be subdivided into upper and lower motor neurone types on the basis of observed bladder outline and measured detrusor pressure. The upper motor neurone type typically has a 'fir tree' configuration with a high intravesical pressure, while the lower motor neurone type is hypotonic or atonic, with a large capacity, the detrusor being unable to generate a contraction of sufficient strength to cause voiding. The upper motor neurone type may be suspected on the MCU without bladder pressure studies by its observed shape and behaviour, but knowledge of the very low or absent detrusor pressure is essential to recognize the lower motor neurone type.
Conclusion
Some MCV observations, such as reflux, are valid without urodynamic studies, but traditional interpretation of other MCV observations can be misleading. If an MCU is to be performed at all before surgery to relieve incontinence or bladder outflow obstruction, it shouldbe accompanied by bladder pressure studies.
